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METHOD FOR THE EVASION OF IMMUNE RESPONSE BY 
ADENOVIRUS E3/6.7K 

BACKGROUND OF THE INVENTION 
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This application relates to a method for inhibiting apoptosis using Adenovirus 
E3/6.7K. 

Viral infection is a cellular injury, and it resuhs in the induction of programmed cell 
death of the host cell. Many viruses, particularly persistent DNA viruses modify the apoptotic 
response of a cell to allow continued virus replication. Apoptosis can be induced by the members 
of the TNF receptor super-family such as Fas (APO-1 or CD95) and p55 Tumor Necrosis Factor 
Receptor (p55 TNFR) as well as the death domain-containing receptors 3, 4 and 5 (DR3, DR4 
and DR5, respectively). The intracellular factors responsible for death of the cell are highly 
conserved across species and are the target of viral inhibitors of apoptosis. It appears that 
proteins belonging to very different classes of virus have evolved to block the same cellular 
apoptotic event. This convergent evolution is evidenced by the classification of viral inhibitors of 
apoptosis. For example, adenovirus BIB 55K(Debbas and White, 1993), SV40 Large T 
antigen(Levine, 1997)(Lill et al., 1997) and human papilloma virus E6(Levine, 1997) inhibit 
p53-mediated lysis. The cellular survival factor Bcl-2 is mimicked by adenovirus ElB 
19K(White, 1996), Epstem-Barr virus BliRFl (Henderson et aL, 1993) and African swine fever 
virus LMW5-HL(Neilan et al., 1993). Members of the Interleukin lb Converting Enzymes 
(lCE)-family of terminal proteolytic enzymes, also known as caspases, are blocked by 
bacuiovirus p35(Clem et aL, 1991)pCue and Horvitz, 1995) and crmA, the cowpox serpin 
protein(Zhou et al., 1997)(Tewari and Dixit, 1995). The adenovirus E3/10.4K and E3/14.5K 
downregulate surface Fas(Elsing and Burgert, 1998)(Tollefson et al., 1998)(Shisler et al., 1996), 
while the Inhibitors of Apoptosis (lAP) family of bacuiovirus and mammalian homologues 



~imeract~^t 



=iX~receptor associatedTactors 



lercrorc blocking ttie signalling 



cascade that leads to the recruitment of caspases (Liston et al., 1996)(Duckett et al., 
I996)(Deveraux et al., 1997). The activation of FADD-likc interleukin- 1 beta-converting enzyme 
(FLICE), also known as caspase-8, through Fas is blocked by viral-FLICE-inhibitory proteins 
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(vFLIPs), found in the genomes of various types of herpesvirus(rhome et al., 1997) and by the 
E3/14.7K of adenovirus(Chen et ah, 1998). 

Adenovirus (Ad) is a very common human pathogen that results in persistent infections 
of the respiratory or gastrointestinal tract (Fox et al., 1969)(Fox et al., 1977). Persistent infections 
stem from an elaborate evasion of the host defense mechanisms. The adenovirus genes 
responsible for immune evasion map to the Early 3 (E3) region of the Ad genome (Wold and 
Gooding, 1989). The persistence, ease of infection and weak pathogenesis have made adenovirus 
suitable as vectors for gene therapy. Currently, Ad gene transfer vectors are the most efficient 
technique available for in vivo gene transduction. The size of the transduced DNA that can be 
accommodated by adenovirus is greater than SOkbp greatly surpassing all other viral systems. 
However, the major impediment for the success of Ad vectors as well as all the other gene 
transfer technologies is the unexpectedly strong immune response to infected target cells. In the 
case of Ad vectors the genetic makeup of the original vectors was designed to accommodate 
large fragments of DNA for the transduced gene, to the expense of areas of the adenoviral 
genome that were considered dispensable. The E3 region was one of the first areas to be 
replaced. This decision is now being questioned as it has been shown recently that the genes that 
made adenovirus a very persistent pathogen are encoded in the E3 region and are missing in the 
Ad vectors currently available. The strong immune response to Ad vectors is mediated by the 
circulating cytokine Tumor Necrosis Factor (TNF) a (Elkon et al., 1997) and by the innate 
immune response (Worgall et al., 1997). The negative effects of an immime response can be 
alleviated by implementing immunomodulatory proteins that allow the vector and the transduced 
cells to survive the immime response (Zhang et al., 1998). One such protein is E3/6.7K, a protein 
that allows the infected cell to evade the effects of TNF-a. 

The E3/6.7K sequence does not have any significant homology to any other known 
^proteins. It is well conserved between group C Ad2_and _j\^5^ad,enp3drus_and_bctwcen-jgQu 



Ad3, Ad7 and Ad35, adenovirus(Hawkins et al., 1995). The Ad2 E3/6.7K protein(Wilson-Rawls 
et al., 1 990) has been shown to be an integral membrane protein localized to the endoplasmic 
reticulum (ER)(WiIson-Rawls and Wold, 1993). The protein is present in two forms, one 
unglycosylated with an apparent molecular weight of 8kDa and one glycosylated with an 
apparent weight of 14kDa. The protein, though targeted to the ER, does not have a cieavable 
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signal sequence, but it has a hydrophobic central region that could act as a signal anchor(Wiison- 
Rawls et al., 1994). 

The evasion of immune response is also a central impediment to the establisment of 
successful transplant technology as well as the treatment of autoimmune and neurodegenerative 
diseases. Apoptosis of the affected organ is often the result of neurodegenerative inflammatory 
disease. Factors that prevent apoptosis could lead to better therapies for these conditions. 

Cell culture reactor expression systems are limited only by the ability of cells to grow and 
produce proteins of commercial or medical interest (Singh and al-Rubeai, 1998) (al-Rubeai, 
1998). As cell grow they reach densities where protein production stops and producer cells 
undergo apoptosis in response to factors that are currently poorly characterized (al-Rubeai and 
Singh, 1998). There is potential for improving protein yield by avoiding the apoptotic response 
of cells grown in culture by including an antiapoptotic protein in the makeup of the cell 
(Simpson et al., 1998). 

It is an object of the present invention to provide a method for immune evasion during 
neurodegenerative or inflammatory disease by implementing the E3/6.7K immimomodulatory 
protein from adenovirus. It is a further object of this invention to provide vectors containing the 
adenovirus E3/6.7K region for gene therapy or to minimize transplant rejection. It is a further 
object of this invention to provide a method for improving protein yield by avoiding the 
apoptotic response of cells grown in culture. 

SUMMARY OF THE INVENTION 



In accordance with the present invention a method for inhibiting apoptosis using 
adenovirus E3/6.7K is described. Adenovirus E3/6.7K protein prevents Tumor Necrosis Factor a 
^(TNE=a)=inducMapQptQsis-in.transfectedxellSwJI^ 



region of the adenovirus genome along with other proteins involved in evasion of the immune 
response. Both TNF-a induced apoptosis and TNF-a induced release of arachidonic acid are 
significantly reduced in U937 cells expressing E3/6.7K by stable transaction. The mechanism of 
E3/6.7K involves the cleavage and inactivation of cytosolic phospholipase A2 (cPLA2), this 
enzyme is a key player in the generation of proinflammatory agents. E3/6.7K has no sequence 
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homology to any of the previously described inhibitors of apoptosis, furthermore none of the 
previously described inhibitors of apoptosis localized specifically to the endoplasmic reticulum. 
E3/6.7K represents a new class of viral inhibitors of apoptosis localized to the endoplasmic 
reticulum. 

The invention provides a method for immune evasion and evasion of apoptosis by 
implementing the E3/6.7K immunomodulatory protein from adenovirus. 

The invention also provides vectors containing the adenovirus E3/6.7K region for gene 
therapy or alone to minimize transplant rejection. The invention also provides a method for 
improving protein yield from cell culture. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1. Shows viral titers of wild type virus (AdSwt) and virus deleted for 
E3/6.7K(dl739) during the course of infection 

Figure 2. Shows pathology and histologic scoring of animals infected with AdSv^ or 
dl739 at various times post infection (p.i.), showing bronchiolar and perivascular inflammatory 
cell infiltration. 

Figure 3. Shows tricine SDS-PAGE Analysis of inmiunoprecipitated E3/6.7K. U937 cells 
transfected with vector alone (lane 1) or transfected with E3/6.7K cDNA. 

Figure 4. Shows analysis of the effect of E3/6.7K on the inducible release of radiolabellcd 
arachidonic acid. 

Figure 5. Shows annexin V-FITC flow cytometry analysis of apoptosis induced cells. 
Figure 6. Shows immunoblotting of cPLA2 indicating the cleavage and inactivation of 
this enzyme in the presence of E3/6,7K. 
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The present invention provides a method for evading a hosts immune response to 
improve the delivery of genes or peptides and for minimizing transplant rejection. The invention 



-4- 



PROVISION, 



UBC 98-113 
ATENT APPLICATION 



m 

O 

y 

H 

•3 



b 



also provides a method for improving protein yield from cell culture. The invention will now be 
described with reference to the following non-limiting examples. 

Virus strains and tissue culture. Wild Type Ad5 (AdSwt) was obtained from the 
American Type Culture Collection (Rock\'ille, Maryland, USA) and dl739, E3/6.7K-deleted viral 
mutant (dl739)(Brady et al., 1992) was obtained as a gift from W.S.M Wold. These two 
Adenovirus group C viruses share a great degree of similarity, but differ in the expression of 
E3/6.7K protein, which is deleted in dl739 as described previously(Brady et al., 1992). Both viral 
serotypes were propagated in monolayer culture of A549 cells grown in Minimal Essential 
Media (Gibco BRL Life Technologies Inc., Gaithersburg, Maryland, USA) supplemented with 
10% Fetal Calf Serum (FCS). Two to five days after inoculation with Ad5, cells were freeze/ 
thawed twice, sonicated for 30s three times and centrifiiged at 500xg for 5 min. The supernatant 
was collected and its viral titer determined by plaque assays on A549 monolayers grown on six 
well plates. Titers ranged from 10* to 10^ plaque-forming units (pfti)/ml. Control inoculum was 
prepared from uninfected A549 cells treated in an identical manner to the infected cells. 

Inoculation of airway ducts and viral plaque assays. Two groups of 24 mice were 
anaesthetized with Halothane. One group of mice were infected intranasally with lO^fu of 
Ad5wt in 60 |il of culture media while the other group of mice was infected intranasally with 
lO'pfu of dl739 in 60 |il of culture media. In addition, six animals were infected with sterile 
culture media alone. Six animals from each of the two groups were sacrificed with an overdose 
of Halothane 2 hours, I, 3 and 7 days post infection (p.i.)- Two sham infected animals were 
sacrificed on days 1, 3 and 7 days p.i.. The left limg was removed and frozen in liquid nitrogen . 
for use in viral plaque assays. The right lung was inflated with 4% paraformaldehyde in PBS 
pH7.4 (0.149 M NaCl, 0.012 M Na2HP04, 0.004M KH2P04) and embedded in paraffin. 

Viral titer. Viral plaque assays were used to quantitate the amount of replicating virus in 
mouse lungs. Approximately 200mg of lung was homogenized on ice in 1ml sterile MEM with a 



poiytron. liieliomogenate was spun ior Z ram at lU^OUUg while tiie supernatant was removed and 
stored at -70*'C. The lung homogenate supernatant titer was determined by plaque assay on A549 
cell monolayer cultures grown in MEM/10%FBS on six well plates using decimal dilutions from 
10-1 to 10-6 in MEM from the supernatant of animal Itmg homogenate from all time groups. 
Each well was inoculated with 500 fil of diluted supernatant and virus was allowed to adsorb 
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onto the monolayer of A549 cells for Ih. at 37°C An agarose overlay (0.9% agarose, MEM, 2% 
FCS, and 0.001 neutral red at 37°C) was applied after adsorption. Plaques were counted after 10- 
14 days and normalized to lung mass and expressed as (log pfii/g lung tissue). 

Histologic scoring. Four |im sections of paraffin embedded lung tissue were mounted on 
glass slides and stained with hematoxylin and eosin. An independent observer, unaware of the 
experimental treatment of the tissue sections, scored the airway mucosal, airway adventitia and 
the vascular adventitia for inflammation. The histopathologic grades were 0 - no inflanunation, 1 
- mild inflanmiation. 2 - moderate inflammation, 3 - severe inflammation for each feature. The 
scores for each feature were summed to give a total inflanunatoiy score with maximum being 9 
for each animal. A mean inflammatory score was calculated for each animal by dividing the total 
score by 3. The mean and standard deviation was calculated for each experimental group. 

Statistical analysis. Comparisons between the two virus were made for viral titer, 
inflanmiatory score and time using a 2-vmy ANOVA. The level of significance was p<0.05. 

Plasmid constructs. The cDNA for E3/6.7K has been obtained by amplifying by PGR 
the region coding for the E3/6.7K ORF from a vector carrying the Ad2 E3 region (obtained as a 
gift from W.S.M. Wold). The PGR product was cloned in the Xhol site of the BPV based cDNA 
expression vector pBGMGSneo(Karasuyama and Melchers, 1988) and sequenced to insure 
accuracy. 

Generation of stable U937 cell lines expressing E3/6.7K. U937 human histiocytic 
lymphoma cells (Sundstrom and Nilsson, 1976) obtained from ATCC (GRL 1593) were 
maintained in RPMI 1640, 10% FCS, 2mM L-glutamine, lOmM HEPES, lOOU/ml penicillin and 
1 00[ig/ml streptomycin in an atmosphere of 5% C02 and 100% hiraiidity. Cells were transfected 
wdth the appropriate construct by using the DMRIE-C cationic lipid reagent available from Life 
Technologies using the manufacturer's protocol. Transfected cells were maintained in medium 
containing geneticin G-418 sulphate at a fingil concentration of 800^ g/ml. Media and 

rected cell imes were 

generated by serial dilution and examined for expression of E3/6.7K by Northern Blotting. The 
expression of E3/6.7K mRNA was very similar in all the clones examined. All the G-418 
resistant cells that survived the selection procedure were pooled and used for the in vitro assays, 
in order to avoid clonal variations known to arise in U937 cells. 
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Labelling, immunoprecipitation and Western Blotting of proteins from transfected 
cells. U937 cells transfected with vector or with vector carrying E3/6.7K were grown in 
suspension until they were growing exponentially. 10* cells were harvested, washed and 
intracellular pools of cysteine and methionine were depleted by incubation in prewarmed 
raethionine/cysteine-free essential media without FCS for one hour at 37°C at a concentration of 
5x10* cells/ml. A total of 2x10' cells were labelled for one hour in prewarmed 
methionine/cysteine-free media containing 0.5mCi/ml [35S]-Cysteine and 0.2 mCi/ml 
(Amersham) [35S]-Methionine (Amersham) at a concentration of 5x10* cells /ml. Cells were 
washed and then lysed on ice in freshly made lysis buffer containing 1% TritonX-lOO, 1% BSA 
(bovine serum albumin), ImM iodoacetamide, ImM PMSF, 2.5TIU/ml a^rotinin, 0.01 M Tris 
pH8.0, 0.1 4M NaCl. Samples were covmted by TCA precipitation and approx. lO'cpm of each 
sample was precleared O/N using protein A-Sepharose CL-4B, the supernatant was 
iramunopreeipitated using a polyclonal rabbit antiserum raised against the C-terminal portion of 
E3/6.7K and protein A-Sepharose. The pellet was denatured in SDS/sample buffer and loaded on 
a Tricine-SDS PAGE gel, 16.5%T, 3%C separating gel with a 10%T, 3%C spacer gel (Schagger 
and von Jagow, 1987). Alternatively, cell lysate equivalent to 105 cells was denatured in SDS- 
PAGE loading buffer and loaded on 10% glycine SDS-PAGE gel system, separated and blotted 
onto a Immobilon-P PVDF membrane (Millipore) and probed with cPLA2 rabbit polyclonal 
antiserum (Cayman Chemical). The signal was detected via horse radish peroxidase-conjugated, 
goat antirabbit antiserum and by chemiluminescence using the ECL kit (Biorad). 

Arachidonic acid release assays. Cells were grown at low density in 10% Hyclone FCS, 
RPMI 1640, 2mM L-glutamine, 1 OmM HEPES for several days then harvested and washed twice 
in PBS, 1% BSA. Approximately 5x10* cells (5x10* cells/ml) were labelled for 20hrs in same 
media as above supplemented with 0.4 fiCi/ml [3H]arachidonic acid [5,6,8,9,1 1,12,14,1 5-3H(N)] 
(O.lmCi/ml stock; New England Nuclear). Cells were washed twice in RPMI 1640, 0.2%BSA 



and incubated for one hour in the wash media in order to minimize the spontaneous release of 
[3H]arachidonic acid. The number of cells was normalized in all cell lines and 400|il of cell 
suspension was aliquoted in each well of a 24 well plate containing 100^1 of treatment media 
(2x10* cells/well corresponding to 1.4x10^ counts/well). The assay was set up in triplicate and 
the cells were stimulated either with media alone or with 20ng/ml human rTNF-a (2000U/ml) 



-7- 



□ 
I* 

i. i 

'•'4 

y 



m 
□ 



UBC 98-113 

PROVISIONAL PATENT APPLICATION 

(Boehringer, Mannheim), or wth 1 Oiig/ml cycloheximide or with a combination of 20ng/ml 
TNF-a and lOjig/ml cycloheximide. After 20 hours of treatment the cells were centrifuged and 
lOOKii of supernatant out of 500^x1 total was mixed with 3ml scintillation fluid and counted. For 
each cell line three samples were lysed in lysis buffer and the lysate was used to determine the 
total counts of incorporated [3H]Arachidonic Acid. The counts per minute of released 
[3H]arachidonic acid were expressed as a percentage of the average of total incorporated 
[3H]arachidonic acid. 

Annexin V-FACS apoptosis assay. Annexin V-FITC (PharMingen) was used to 
determine the binding of Annexin V to externalized phosphatidyl serine. The protocol followed 
was based on the manufacturers Annexin V-FITC stainii^ protocol. Cells were grown at low 
density in 10% Hyclone FCS, RPMI 1640, 2mM L-glutamine, lOmM HEPES for several days 
then 5x10^ cells were harvested and washed twice in PBS. Cells resuspended in above media 
were treated for 7 hours with media alone or with lOOng/ml (10,000 U/ml) human rTNF-a or 
with 200 jig/ml cycloheximide or with a combination of 100 ng/ml TNF-a and 200 fig/ml 
cycloheximide. The cells were resuspended at 1x10* cells/ml in IxBinduig Buffer 
(lOmMHepes/NaOH, pH7.4, 140mM NaCl, 2.5mM CaC12). 1x10^ cells (100^1 of above 
suspension) were combined with 5^1 of Annexin V-FITC. One sample of cells was not stained 
and used to set up the baseline fluorescence. We examined the cells with a fluorescence-activated 
cell sorter (FACS) on a Beckton Dickson FACS Analyzer. 

Production of Ad vectors for gene therapy. The backbone to be used for gene therapy 
is based on the SV5 backbone previously described (Chen 1997 PNAS). This backbone has been 
sucessfiilly used to transduce in vivo the dystrophin gene. The backbone lacks the El and E2 
region. Without these two regions the SV5 Ad vector is replication defective and therefore safer 
to use as well as it elicits a reduced inflammatory response. The cDNA encoding E3/6.7K under 
jthe.contrQLof_the,actin_promoter and the CMV enhancer is added to SV5 and used to rescue a 



new vector called SV5-6.7, which will incorporate E3/6.7K as an immunomodulatory protein. 

Creation of Producer Cells resistant to apoptosis. The creation of hybridoma, Chinese 
hamster ovary (CHO) or insect cells that are resisitant to apoptosis will follow the same 
procedure as the transfection of U937 cells outlmed with the following exception. At the end of 
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the selection in G-418 the cells will be sorted or clonally expanded in order to screen for the 
expression of the protein of interest. 
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EXAMPLES 

E3/6.7K Results in more Persistent Viral Titers and a reduction of the inflammatory 
response. We found that the presence of E3/6.7K results in more persistent viral titers during the 
course of infection by comparing mice infected with a E3/6.7K deletion virus (dl739)(Brady et 
al., 1992) with mice infected with the wild type virus (AdSwt) (fig. 1). The titers of dl739 
(E3/6.7K deleted) were significantly higher than Ad5 wild type (AdSwt) one day after 
inoculation (p<0.001, fig. 1). Over time the titers of dl739 decreased as the virus was cleared 
(p<0.001). In contrast AdSwt titers did not change significantly over the 7 day experimental 
period. We attribute the rapid reduction of dl739 over the seven days period to a strong host 
response due to the increased inflammation in the absence of E3/6.7K. Inflanmiation of the 
perivascular region of the blood vessels and the adventitia of the airways was greater in animals 
infected with dl739 than in animals infected with AdSwt over the seven days experimental period 
(p=0.02S, fig. 2). There was also a significant increase in inflammation fi^om day three to day 
seven for both types of viruses (i>=0.029). 

TNF-a Mediated Arachidonic Acid Release Is Reduced in the Presence of E3/6.7K. 
We investigated whether E3/6.7K can affect the cellular reponse to inflammatory cytokines. We 
created a U937 cell line transfected vrtth the cDNA for E3/6.7K and we confirmed that the 
E3/6.7K was expressed using inmiunoprecipitation with a polyclonal rabbit antiserum raised 
against an E3/6.7K C-terminal derived peptide and SDS-PAGE electrophoresis (fig 3). The U937 
cells transfected with E3/6,7K cDNA (U937-E3/6.7K) decreased [3H]arachidonic acid release 
by 50% when compared with U937 cells transfected with vector alone (U937ncor) when 
stimulated vyith T N F-g (fig. 4). When the stimulus was increased by the addition of TNF-a and 
"cyclohexiniicledc 



)/a prdtem synthesis inhibitor synergistic vwth iNr-a, UVJ /-brj/o.7K were 
still able to reduce the release of [3H]aracliidonic acid by 60% when compared to U937neor. The 
presence of E3/6.7K reduces the levels of inducible release of [3H]arachidonic acid during TNF- 
a stimulation. 
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Apoptosis Induced by TNF-a is Reduced in the Presence of E3/6.7K. We assayed 
TNF-a induced apoptosis by measuring the extemalization of phosphatidyl serine by using FITC 
labelled Annexin V(Martin et al., 1995). Cells expressing E3/6.7K show a 55% reduction in 
percentage of apoptotic cells compared with U937neor following stimulation with TNF-a (fig. 
5). The U937-E3/6.7K cells show a 65% reduction in apoptosis compared to U937neor following 
an augmented stimulation with a combination of TNF-a and CHX. The presence of E3/6.7K 
results decreased the apoptotic response in U937 cells upon stimulation with TNF-a or a 
combination of TNF-a and CHX. 

In the Presence of E3/6.7K, cPLA2 Is Cleaved to a 78kDa Form Following TNF-a 
Induction. We assayed the expression of cPLA2 in U937 cells following induction with TNF-a. 
The cPLA2 antiserum recognized two forms of the en2yme one larger form of approximately 
1 lOkDa and a second form of 78kda (fig. 6). There is a noticeable difference between U937neor 
cells and U937-E3/6.7K with regards to the ratio of the llOkDa versus the 78kDa forms of 
cPLA2. While TNF-a does not seem to alter this ratio in U937neor, cells where the predominant 
form migrates as a 1 lOkDa protein, in U937-E3/6.7 K cells following induction with TOF-a the 
most predominant form of cPLA2 is 78kDa. The antisera used in our study was raised against a 
peptide corresponding to residues 443-462 of the cPLA2 sequence, therefore the only fragment 
detected by immimoblotting following cleavage is the 78kDa fragment corresponding to the 1- 
522 amino acid sequence of cPLA2 as isolated fi^om U937 cells (Sharp et al., 1 99 1 ). 
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1. A method for inhibiting apoptosis of a cell comprising treating the cell with an 
effective amount of the protein encoded by E3/ 6.7K (6.7). 

2. The method of claim 1 wherein the treating step comprises admirustering to the cell a 
polynucleotide encoding 6.7 and wherein 6.7 is expressed in the cell. 

3. The method of claim 2 wherein the polynucleotide comprises a recombinant 
adenovirus vector. 

4. The method of claim 1 wherein the cell comprises a transplant tissue. 

5. The method of claim 1 wherein the cell comprises an eukauyotic cell ctdture 
expression system. 

6. The method of claim 1 wherein the treating step comprises administering 6.7 to the 
ceU. 

7. The method of claim 6 wherein 6.7 is administered with a carrier which facilitates 
delivery of 6.7 into the cell. 

8. A method for decreasing apoptosis of target cells in a patient comprising treating the 
patient with an effective amount the protein produced by E3/ 6.7. 

9. The method of claim 8 wherein the treating step comprises administering to the 
patient a polynucleotide encoding 6.7 and wherein the polynucleotide is internalized in 
the target cells and 6.7 is expressed. 

10. The method of claim 9 wherein the polynucleotide comprises a recombinant 
adenovirus vector. 

11. The method of claim 2 wherein the cells being administered are used in a cell culture 
expression system. 



^^i^iiG^metIiCKl--olNDimmiga^hGrc^ 
immunodeficiency disease. 



13. The method of claim 8 wherein the treating step comprises administering a 
polynucleotide encoding 6.7 and wherein 6.7 is expressed in the patient. 
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14. The method of claim 13 wherein the polynucleotide comprises a recombinant 
adenovirus vector, 

15. The method of claim 13 wherein the polynucleotide comprises a recombinant virus 
vector. 

16. The method of claim 13 wherein 6.7 is administered with a carrier which facilitates 
delivery of 6.7 into the cells. 

17. A method of decreasing leukocyte apoptosis in a patient comprising: 

(a) withdrawing leukocytes from the patient, (b) treating the leukocytes with an 
effective amount of a 6.7, and (c) administering the treated leukocytes to the patient. 

18. The method of claim 17 wherein the treating step comprises administering to the 
leukocytes a polynucleotide encoding 6.7 wherein 6.7 is expressed in the leukocytes. 

19. The method of claim 18 wherein the polynucleotide comprises a recombinant 
adenovirus vector. 

20. A composition comprising a protein produced by E3/6.7 and a carrier suitable for 
facilitating delivery of 6.7 into a cell. 

21. A recombinant adenovirus comprising a polynucleotide encoding the protein 
produced by E3/6.7 complex operably linked to a promoter, wherein the adenovirus is 
replication defective and wherein the polynucleotide is expressed upon infection of a 
eidcaryotic cell with tfie adenovirus. 

22. A recombinant viral vector comprising a polynucleotide encoding the protein 
produced by E3/6.7 complex operably linked to a promoter, wherein the virus is 
replication defective and wherein the polynucleotide is expressed upon infection of a 
eukaryotic cell with the virus. 

23. The method of claim 2 wherein the polynucleotide comprises a recombinant virus 
vector. 

24. The method of claim 18 wherein the polynucleotide comprises a recombinant virus 



25. The method of claim 8 wherein the patient suffers from an inflammatory disease or 
a neurodegenerative disease. 

26. The method of claim 9 wherein the polynucleotide comprises a recombinant virus 
vector. 
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Figure 1. Viral titers of wild type vims (Ad5wt) and virus deleted for E3/6.7IC(dl739) during 
the course of infection. Virus cultured from the two groups of animals at 2 hours post infection 
(p.i.) indicate the same amount of virus was present at the time of inoculum. Days 1, 3 and 7 p.i. 
are represented in the above graph. Six animals from each group, AdSwt and dl739 infected 
animals, were sacrificed on the given date and the isolated lung tissue was assayed through plaque 
assay for the presence of infectious viral particles. TTie viral titer is expressed as (plaque forming 
units)/gram of lung tissue isolated. 



Figure 2 Pathology and histologic scoring of animals infected with AdSwt or dl739 at various 
times post infection (p.i.)> showing bronchiolar and perivascular inflammatory cell infiltration. A) 
Ad5wt sham infected, C) AdSwt day lp,i., E) AdSwt day 3 p.i., G) AdSwt day 7 p.i., B)dl739 
sham infected, D) dl739 day 1 p.i., F) dl739 day 3p.i., G) dl739 day 7 p.i. 



Figure 3 Tricine SDS-PAGE Analysis of Immunoprecipitated E3/6.7K. U937 cells 
transfected with vector alone (lane 1) or transfected with E3/6.7K cDNA (lane 2) were 
radiolabelled with [35S]-Cysteine and [35S]-Methionine, lysed and immunoprecipitated with a 
polyclonal rabbit antiserum generated against the C terminal region of E3/6.7K and analyzed by 
Tricine SDS-PAGE protocol on a 16.5%T,3%C separating gel with a 10%T, 3%C spacer gel. 



Figure 4, Analysis of the effect of E3/6.7K on the inducible release of radiolabelled 
Arachidonic Acid. The assay was set up in triplicate and the cells were stimulated either with 
media alone or with 90ng/ml TNF-a, or with a 2jig/ml cycloheximide(CHX) or with a 
combination of 90ng/ml TNF-a and 2|ig/ml cycloheximide. The counts per minute of released 
[3H]Arachidonic Acid were expressed as a percentage of the average of total incorporated 
[3H] Arachidonic Acid. The experiment was repeated three times with similar results. 
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Figure 5 Annexin V-FITC Flow Cytometry Analysis of Apoptosis Induced Cells. Cells 
transfected with vector alone panels a, b, c, d or cells transfected with vector carrying E3/6.7K e, 
f, g, h were stimulated for 7 hours with a and e media alone, b and c lOOng/ml TNF-a, c and g 
lOjig/mlcycloheximide, d and h combination of lOOng/ml TNF-a and lOtig/mlcycloheximide. A 
sample of each cell line and treatment was stained with Annexin V-FITC and analyzed by FACS. 
A second sample was analyzed by FACS in the absence of Annexin V-FITC in order to 
determine the background fluorescence which corresponds to the fluorescence associated with the 
Annexin V negative cell population from each sample. The percentage of Annexin V positive, 
apoptotic cells is indicated for each sample in the FACS window. The experiment was repeated 
with similar results. 



Figure 6. Immunoblotting of cPLA2 indicating the cleavage and inactivation of this enzyme in 
the presence of E3/6.K. U937neor and U937.E3/6.7K cells were treated with media or with 
50ng/ml TNF-a and l^ig/ml CHX for 6 hours. Cell lysates were immunoblotted with anti-cPLA2 
antisera recognizing the residues 443-462 in the sequence of the protein. 
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